We analyze selective ion current through artificial nanopore in a single graphene sheet using molecular dynamics simulations and stochastic theory. We propose novel approach based on prehistory probability distribution (PPD) to address long-standing problem of assessing position dependent transport coefficients in strongly non-equilibrium system. A special attention is paid to characterization of the double layer effect on ion conduction properties.
Abstract-We analyze selective ion current through artificial nanopore in a single graphene sheet using molecular dynamics simulations and stochastic theory. We propose novel approach based on prehistory probability distribution (PPD) to address long-standing problem of assessing position dependent transport coefficients in strongly non-equilibrium system. A special attention is paid to characterization of the double layer effect on ion conduction properties.
Ionic transport through nanopores is a rapidly expanding field encompassing both the nano and bio-physics communities. Being the smallest ion selective devices (volume ∼150Å 3 ) they find a wide range of applications including e.g. the desalination of water [1] and shed new light on the function of biological ion channels [2] . The presence of the graphene sheet imposes several constraints on dynamics of the ion approaching and crossing the pore, including position dependent (in axial direction, see Fig. 1 ): (i) radius of the channel; (ii) dehydration and therefore potential barrier; (iii) diffusion coefficient; and (iv) effective dielectric constant.
These features render the long-standing problem of assessing transport properties of ions [3] a formidable task. Under non-equilibrium conditions with applied electric field the problem becomes even more complex due to existence of the double layer (DL) at the graphene surface that strongly modifies applied field. To resolve this complexity we propose to use a method of analysis of permeating molecular dynamic trajectories based on the prehistory probability distribution [4] extended to non-equilibrium systems [5] . Such a distribution (see Fig. 2 ) clearly reveals a one dimensional nearly deterministic optimal path of ions through the pore. Analysis of this path allowed us to identify several dynamical regimes of permeating ion: (i) slow diffusive drift of ions towards 2nd layer in the DL (∼ 9Å from the pore); (ii) extended dwelling (∼ 50 ps) in the 2nd layer; (iii) accelerated drift towards the 1st layer (∼ 6Å from the pore); (iv) even faster drift towards the pore; (v) fast (∼ 10 ps) transition through the pore into the 1st layer on the other side of the pore; and finally (vi) slow diffusive drift away from the pore.
Revealed features allow us to reconstruct position dependent transport properties of ions during transition through the pore.
